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This Talk (A< Ex &)

ANALYSIS the financial market with
Evolutionary game theory.(E BT iZIZH LN
T, EET7—LERZAWLT, 2T %)
PREDICT the next market state with Stability
Analysis.(Z B 7AW EIZKD T,
REDHIBDIREE T BT B)

EXAMINE the Real Market (Future Market) to

apply this model. (8 L1=ETILZH &I,
EEDOHIZZ DT 5)

MOVIE (avi) \/
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OUTLINE

. Introduction (Motivation)
. Related Literatures and Review
N \VileYe[=]

. Apply this model to the Future
market (Nikkei 225)

5. Option Market (Black-Sholes Eq.)
6. Summary (Future works) \/
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1. INTRODUCTION




Motivation (Z1)

* For Practical Use (5'%3’%’\0)%»

1%

5L T)

More Detail (&Y E{ABIT), More Useful (&Y

ZI[Z3LD)

—>We construct the market from the market

depth. (TR[5ERIZEB)
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Motivation (Z1)

* For Practical Use (5'%3’%’\0)%»

1%

5L T)

I\/Iore Detail (&Y E{KBJT), More Useful (&Y

ZI[Z3LD)

%We construct the market from the market

depth. (TR[5ERIZEB)

e +Use the “Real Data” (ZEfE DT —42%ZHY

7549)
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Self-Introduction : Research

* Research Field : Evolutionary Game Theory : Theory
and its Applications.

 Master Course: Game Theory(Bargaining Game) :an
approach to General Equilibrium (—fi& #3572
7 —LIBERDILE TE Z4) > Dynamic Matching
and Bargaining Game (Rubinstein (1985), Gale
(19864a,b), Gale (2000) ...)

 DESCRIBE the Market with Evolutionary Game

Theory. /


http://www.jstor.org/stable/1911015
http://www.jstor.org/stable/1912836
http://www.jstor.org/stable/1912837
http://www.amazon.co.jp/gp/product/0521644100?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=0521644100

2. RELATED LITERATURES
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Related Literatures(5t{THZ%)

Micro Structure

Applied Evolutionary Game Theory
JI|'?8 (2008) [amazon]

PUCK (Econophysics) PUCK Ej[#| (real player)
Takayasu, et al. (2006) [HP], Yamada, et al.
(2008) [HP], Yamada, et al. (2009) [HP] \/
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Market Micro Structure

(BN ITAHIARNSHFv—)

* Roughly Speaking, We analysis the agents’
behavior from the financial data.(7—43H\5

e Method:
B L3

MIZSINEDITEIZIED)

Evolutionary Game Theory (1t

— Esaley a

_nFFH)
nd O’hara (1992) [HP]
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Market Micro Structure

(BN ITAHIARNSHFv—)

* Roughly Speaking, We analysis the agents’
behavior from the financial data.(7—43H\5

MiESINEDITEZTHES)

e Method: Evolutionary Game Theory (1t
4 — LIRER)

— Esaley and O’hara (1992) [HP]

 + In this talk,

we use the “Real Data.” (EEDT—2%%D)
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3. MODEL




Model (BT /L)
* Players... large population : seller and buyer,
potentially (R ANZ D BERGETYFEEL
F)

Seller and Buyer trade an asset.
* Goods (87) ... 181
o Strategy (EXHR)... n (<o) {E&
Here, the price : how much do you buy or sell a

goods. (CCTIXEEA . oA
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http://www.tse.or.jp/rules/stock/sttrading.html

S|tuati0n (Traditional Evolutionary Game Theory)

) '5
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SituatiOn (Traditional Evolutionary Game Theory)
At Random (infinitely)




SituatiOn (Traditional Evolutionary Game Theory)
At Random (infinitely)

Another players look at the game.
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SituatiOn (Traditional Evolutionary Game Theory)
At Random (infinitely)

Another players look at the game.




SituatiOn (Traditional Evolutionary Game Theory)
At Random (infinitely)

Another players look at the game.

Replicator Equation\/



Situation (two types players)

@




(

€))

At Random

Situation




. . No Trade
Situation

At Random

@ i




Situation




Situation

Stock Exchange which take account
of the market depth decides the

trade’s contract. (B 5| Fr D R IEERZ
$H&I2. FERNZTRTET B)




Situation

Another players look at the market
depth (ftD T L A4 ¥ —I(I iR [EHF
RTULS).




Situation

Which strategy is Nash

o e . Equilibrium,
Another players look at the market | ¢4 pic 5ame is played at
depth (IBDTLA ¥ —(ZIEHHERE e

RTLD). (CHH—LERBERBHISTIE, £

DA EELZDM?)



Model (BT /L)
* Payoff (F1%) ... Buyer : S(t)-K, Seller : K-S(t)
where S(t) : Brownian Motion.
* Replicator Equation

20 X 00, 0-90) 6,0 = 9,+£0

dy; (t)

2y ©hO-ho)ho=h+¢'©

where x,, y; : the probability of choosing the
strategy 1 for each player. g, h. : the payoff
when each player chooses the strategy 1. /

\

\




Two Strategies Case
(B ES DEHY2D) :

* Replicator equation (see next slide)

X = x(1— X){-b(t) + (a(t) + b(t) )y},

y = y(i— y){o(t) - (a(t) + b(t) X},

where X, y is the probability of choosing the

strategy 1, 2 for each player.
Player 2

S1 S2
S1 |a(t),-a(t) 0,0
S2 10,0 b(t),-b(t)

playerl




Situation




Replicator Equation

REPLICATOR EQ.

If the player's payoff from the outcome i is greater than the expected
utility x Ax, the probability of the action i is higher than before.




Replicator Equation

REPLICATOR EQ.

If the player's payoff from the outcome i is greater than the expected
utility x Ax, the probability of the action i is higher than before. And this
equation shows that the probability of the action i chosen by another
players is also higher than before (externality).




Replicator Equation

REPLICATOR EQ.

If the player's payoff from the outcome i is greater than the expected
utility x Ax, the probability of the action i is higher than before. And this
equation shows that the probability of the action i chosen by another
players is also higher than before (externality). Furthermore, the
equation is derived uniquely by the monotonic (that is if one type has
increased its share in the population then all types with higher profit
should also have increased their shares).




Replicator Equation

REPLICATOR EQ.

If the player's payoff from the outcome i is greater than the expected
utility x Ax, the probability of the action i is higher than before. And this
equation shows that the probability of the action i chosen by another
players is also higher than before (externality). Furthermore, the
equation is derived uniquely by the monotonic (that is if one type has
increased its share in the population then all types with higher profit
should also have increased their shares).

Two Strategies °
X = X(1—x){b—(a+b)x} s ;

Classification

(1) Non-dilemma:a >0,b <0, ESS: one S1 S 2
(11) Prisoner’s dilemma:a <0, b >0, ESS :one S 1 - 0.0
(1) Coordination : a>0,b>0, ESS two 1 ’ !

(1V) Hawk-Dove : a<0,b < 0, ESS one (mixed strategy) 22 e b,b

Payoff Matrez



Prediction (% 8I)

* Replicator equation divided by xy(1-x)(1-y) :

b(t) a(t) *© _b() a()

).(:———|——,y:___

1—-vy X 1-x

 Discrete the above equations:

X(t+ &) = x(t) —(
y

y(t+¢) = y(t)+(
X



Payoff Matrix (F]15 )

i) T~ (UP) S1 |S2
N.E. (s1,s2),(s2,s2) S1 14+ - 10,0
S2 0,0 10,0

i) { (Down) S1 |[S2
N.E. (s1,s1),(s1,s2) ST 00 |00
S2 00 |-+

iii) — (No change) — T
N.E. (s1,s2) st l+- 00
S2 O’O - +

i),ii),iii) = (s1,52) (x>1, y=>0)




Payoff Matrix (F]153&)

i) T (UP)
N.E. (s1,s2),(s2,s2)

i) 4 (Down)

N.E. (q1 s1).(s1,¢

i) — (No change)
N.E. (s1,s2)

i),ii),iii) = (s1,52) (x>1, y=>0)

This K2

S1 S 2
>L1+,- 0,0
>2 10,0 |0,0

S1 S 2

),0
+

S S 2
>L o 1+- {00
°2 100 |-+




4. Application:

NIKKEI 225 FUTURE MARKET
(B #2255 i5)
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EX: 20090826

| [
"20090826-1 txt" 1
"20090826-1-ave.dat" =
"20090826-4-ave.dat"




Payoff Matrix (F]1§3%)

) ah (UP) S 1 S 2
N.E. (s2,s2) S |+ - 10,0
S2 O’O
i) { (Down) S1 |s2
N.E. (s1,s1) S1 0,0
S2 O’O -+
iii) — (No change) S1 |S2
N.E. Mixed Strategy. S1 0,0

S2 O’O




EX: 20090826

T |
"20090826-rep.dat"
"20090826-pred.dat"




5. Application:

OPTION MARKET
(A7 aris)
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ZMDIZE MDBlack-SholesD 2N =

ETILICHENT, 1

* Black-Sholes-
EZhHHDI
e £HoT.K:=

i”‘ﬁ?’ﬁ#’éﬁ

ETnIELLY. Dz

TERE D52
19 BHLEE,

1)

f(S,t):S~N(G\F rj®eff-N(Gi‘E |

; Eiﬁrlﬁmajzmﬂzt 514 21745
(i/ﬁéﬁkmﬁé**J

EETRFDEES 12|

TAHITE

vq o
u

1T REE DR




6. SUMMARY AND FUTURE WORKS
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Summary and Future Works

Summary

* MODELING the Financial Market.

* DERIVE the payoff matrix for each player.

* APPLY the Real Market.

 DERIVE the Optimal Behavior for each player.
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Summary and Future Works

Summary

* MODELING the Financial Market.

* DERIVE the payoff matrix for each player.

* APPLY the Real Market.

 DERIVE the Optimal Behavior for each player.
Future Works

e GET the Online Financial Data, CALCULATE and
DISPLAY. (>S54 TT—3% AFL. §1EL.
TNZTZRTY D)

e MAKE the software like a PUCK based on the

Evolutionary Game Theory. (PUCKD E LS — L /

I nﬂﬂﬂﬁo)*ﬁi)




Artificial Market (A LT 1z)

FR7#(2003) A\ T mit5 1[amazon]

. 1R hE WFH, /U, 20, A (2006) A
TITHETESY—Y Y ANZX L] BEE

#H[amazon],
« =%, 7%, /M, (£, /MU, FhoT(2009) AT
METESY— Y AN X L | TFHR
[amazon]
« BIBARZK(2007)[#RARZEZESS ! )

[amazon]

etc \ /
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http://www.amazon.co.jp/gp/product/4320121600?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320121600
http://www.amazon.co.jp/gp/product/4320121600?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320121600
http://www.amazon.co.jp/gp/product/4320121600?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320121600
http://www.amazon.co.jp/gp/product/4320122305?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320122305
http://www.amazon.co.jp/gp/product/4320122305?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320122305
http://www.amazon.co.jp/gp/product/4320122305?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320122305
http://www.amazon.co.jp/gp/product/4798017434?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4798017434
http://www.amazon.co.jp/gp/product/4798017434?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4798017434
http://www.amazon.co.jp/gp/product/4798017434?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4798017434

Thank You For Your Attention

Mitsuru KIKKAWA (mitsurukikkawa@hotmail.co.jp)
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EVOLUTIONARY STABLE STRATEGY (ESS)

DEF.: WeibuII(1995): is an evolutionary stable

strategy (ESS) if for every strategy Mthere exists
some such that the following inequality

holds for a

ulx,ey+0—¢&)x]>uly,ey+(1—¢)Xx].

INTERPRETATION: : incumbent payoff (fitness) is higher

than that of the post-entry strategy
(ESS : Mthe solution of the Replicator equation + 2 \/

asymptotic stable.)
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